394,000,000 | Wteeterers Oe 








TRANG 7 





r 





JUBLIC ROADS 


( veal ik 
A JOURNAL OF HIGHWAY RESEARCH _ 


UNITED STATES DEPARTMENT OF AGRICULTURE 


BUREAU OF PUBLIC ROADS 


















































TYPICAL POWER-SHOVEL OPERATION 








For sale by the Superintendent of D its, Washi 





gton, D.C. See page 2 of cover for prices 











<A TR P 


fT eee 

















PUBLIC ROADS tiviccrenn 


Issued by the 


UNITED STATES DEPARTMENT OF AGRICULTURE 


BUREAU OF PUBLIC ROADS 
G. P. St. CLAIR, Editor 
Volume 15, No. 7 September 1934 





The reports of research published in this magazine are necessarily qualified by the conditions of the tests from which the data are 
obtained. Whenever it is deemed possible to do so, generalizations are drawn from the results of the tests; and, unless this is done, 
the conclusions formulated must be considered as specifically pertinent only to described conditions 








In This Issue 


Power-Shovel Operation in Highway Grading—-Part2 . . . ae 
Motor Vehicle Registrations and Revenue, 1933. . . . . . . . . COW 




















THE BUREAU OF PUBLIC ROADS - - - - - - - - Willard Building, Washington, D.C. 
REGIONAL HEADQUARTERS - - - - - - - - - Mark Sheldon Building, San Francisco, Calif. 


v 


DISTRICT OFFICES 


D!STRICT No. 


. Oregon, Washington, and Montana. DISTRICT No. 7. Illinois, Indiana, Kentucky, and Michigan. 
Post Office Building, Portland, Oreg South Chicago Post Office Building, ¢ ago, | 


DISTRICT No. 8. Alabama, Georgia, Florida, Mississippi, South Carolina, 
and Tennessee 


DISTRICT No. 2. California, Arizona, and Nevada. 


Mark Sheldon Building, 46! Market St.. San Francisco, Cali 
1! Building, P.O. Box 60. Montgomery, Ala 


DISTRICT No. 3. Colorado, New Mexico, and Wyoming. DISTRICT No. 9. Connecticut, Maine, Massachusetts, New Hampshire, New 
237 Custom House, Nineteenth and Stout Sts., Denver, Colo Jersey, New York, Rhode Island, and Vermont. 
Federal Building, Troy, N.Y 


DISTRICT No. 4. Minnesota, North Dakota, South Dakota, and Wisconsin. 


907 Post Office Building, St. Paul, Minn 


DISTRICT No. 10. Delaware, Maryland, North Carolina, Ohio, Pennsylvanii 
Virginia, and West Virginia 


W llard Building, Washington, D- 


DISTRICT No. 5. lowa, Kansas, Missouri, and Nebraska. 


Saunders-Kennedy Building. Omaha. Nebr 


DISTRICT No. 11. Alaska 


Room 419, Federal and Territorial Building, Juneau, Alask 


DISTRICT No. 6. Arkansas, Louisiana, Oklahoma, and Texas. DISTRICT No. 12. Idaho and Utah. 


Old Post Office Building, Fort Worth, Tex Federal Building, Ogden, Ut 





Because of the necessarily limited edition of this publication it is impossible to distribute it free to any person or institutions 

other than State and county officials actually engaged in planning or constructing public highways, instructors in highway eng - 

neering, and periodicals upon an exchange basis. At the present time additions to the free mailing list can be made only «s 

vacancies occur. Those desiring to obtain Pustic Roaps can do so by sending $1 per year (foreign subscription $1.50), or 10 cents 
per single copy, to the Superintendent of Documents, United States Government Printing Office, Washington, D.C. 








CERTIFICATE: By direction of the Secretary of Agriculture, the matter contained herein is published as administrative information 
and is required for the proper transaction of the public business 


























POWER-SHOVEL OPERATION IN HIGHWAY 
GRADING 


BY THE DIVISION OF MANAGEMENT, BUREAU OI 


PUBLIC ROADS 


Reported by T. WARREN ALLEN, Chief, Division of Management, and ANDREW P. ANDERSON, Highway Engineer 


PART 2. 


THE 


HAULING 





LoapInc Two 


SHOVEL 


HE SHOVEL is the key unit in a power-shovel 

grading outfit as commonly operated on highway 

work, but ordinarily it functions only in coordina- 
tion with the hauling equipment. Except where cast- 
ing is possible, the shovel can dig material no faster than 
the hauling units can carry it away to the dump and 
cain dig only when hauling units are in position to be 
loaded. A high rate of production is possible only 
with sufficient hauling units to carry the full output of 
the shovel. Operation of hauling units must be so 
coordinated as to proceed with almost clocklike pre- 
cision and without the least interference in the steady 
operation of the shovel. 


MAINTENANCE OF EXACT BALANCE BETWEEN SHOVEL AND HAUL- 
ING UNITS A DIFFICULT PROBLEM 

Attainment of a high degree of efficiency in the opera- 
tion of the hauling units is not easy. Studies on a great 
many jobs indicate that the hauling equipment, either 
because of shortage or improper operation, is the most 
general cause of reduced production. From a study of 
more than a hundred power-shovel grading jobs, it was 
found that the average power shovel on highway grad- 
ing jobs spent about 20 percent of its available working 
time in waiting for hauling units. <A part of this time 
Oss Was unavoidable because of the nature of the work 
but most of the delays were avoidable and should never 
have been permitted to occur. 

limination of all avoidable delays without incurring 
the cost of carrying too much hauling equipment during 
much of the time is probably impossible. This is 
largely because there are constant but irregular vari- 
ations in the hauling distance. The number of hauling 
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units required to maintain full shovel production varies 
almost directly as the length of haul. The length of 
haul on the average grading job often fluctuates be- 
tween wide limits and at such frequent intervals that 
the maintenance of an exact balance is economically 
undesirable. The speed with which hauling can be 
done is also variable depending upon the condition of the 
roadway. High speeds are seldom possible and very 
low speeds are often necessary. To still further com- 
plicate an already difficult situation, the characteristics 
which affect the rate at which the material can be dug 
by the shovel sometimes also change with unexpected 
frequency. 

Since the length of haul, road conditions, and the 
characteristics of the material are all subject to fre- 
quent change the maintenance of an exact balance be- 
tween the shovel and the hauling equipment is generally 
impractical, especially on light work. Although per- 
fect balance is impossible or impractical, there is the 
necessity for approaching this balance as closely as 
conditions permit. The closeness of approach will de- 
pend very largely upon the ease with which vehicles can 
be added and removed in conformity with the actual 
requirements as they occur on the job. On work within 
easy access of a source of truck or wagon supply, or on 
jobs using two or more shovels, conformity of supply to 
demand can be fairly close. Lack of balance on remote 
jobs forced to depend on a fixed number of hauling 
units will be measured largely by the range of fluctuation 
in hauling distances as fixed by the design. <A general 
rule for such a condition is that the amount of hauling 
equipment should be such that the value of the occa- 


| sional delays to the shovel in waiting for hauling equip- 
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ment should be equal to the value of the time spent from 
time to time by the hauling units in waiting for the 
shovel. 

The operations of the hauling equipment consist of 
getting into position to receive the load, receiving it, 
taking it to the dump, dumping, turning at the dump, 
and returning to the shovel for another load. The 
time regularly consumed on each trip exclusive of the 
time of travel to and from the dump is called the ‘‘time 
constant’”’ and is fairly uniform for any given type of 
equipment and set of operating conditions. Table 1 
shows average time constants on a number of projects 
on which various kinds of vehicles of different capaci- 
ties were used. The average values for the time con- 
stant as found on these jobs for the different operations 
vary considerably. This is to be expected. For exam- 
ple, the loading time will vary with the number of 
dipper loads required to the vehicle load, the kind of 
material handled, the skill of the shovel operator, and 
the numerous factors which affect the time of the 
shovel cycle. 

While the time constant varies with many conditions, 
it is fairly uniform for a given set of conditions and its 
value on any job is easily determined by direct timing. 
It is an important factor in determining the number of 
vehicles most probably required to maintain a given 
rate of shovel operation. 


TABLE 1.—Average time constants for various types of hauling 
units based on operation with a 1- or 1\%-yard shovel 


7-yard 
Operation tractor- 44-yard 2)6-yard 1}4-yard 
- drawn trucks trucks trucks 
wagons 
Seconds Seconds Seconds Seconds 
Load... ‘ F 210 135 75 40 
Turn. 25 32 34 26 
Unload. -- ; 14 26 29 27 
Turn_- : : 21 27 20 21 
Waits or delays---- 80 55 50 44 
Total_..-- 350 275 208 158 


EFFICIENT OPERATION REQUIRES ATTENTION TO A NUMBER OF 
FACTORS 


In highway grading work the time constant for the 
hauling units is of major importance. The hauls are 
generally short so that the actual speed of the vehicle 
usually has only a comparatively small effect as com- 
pared with the influence of the time constant. The 
time constant is made up of a number of individual 
items which are repeated with every load through the 
day. Their total for the day may therefore become 
very large. 


Many contractors do not seem to realize the impor- | 


tance of saving seconds on the repetitive operations 
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ing area on the dump all tend to increase the time 
constant of the hauling equipment and thus adversely 
affect the output. , 

Another matter deserving attention is the load 
hauled per vehicle. There is considerable variation in 
the amount of material taken out per dipper load by a 
shovel. To place a given number of dipper loads in 
the vehicle on each trip is therefore a mistake, except 
possibly on very short hauls when there is a surplus of 
vehicles. Under normal road conditions, it takes as 
long to haul a half-loaded vehicle to the dump as it 
does to haul one that is fully loaded. On long-haul 
work there is much to be gained by hauling full loads, 
and the shovel operator should be charged with the 
responsibility of seeing that the vehicles leave the 
shovel properly loaded, no matter how many dipper 
loads are required. The hauling road should always 
be so maintained that full loads can be handled, 
especially on long hauls. 

In selecting hauling equipment care should be taken 
to see that the units can be so handled that no single 
operation, such as turning, dumping, or maneuvering, 
will be like ‘ly to consume more time than is required for 
loading. Otherwise, this operation and not the shovel 
controls the job output, For ordinary highway grading, 
where fast shovel operation is se frequently possible, a 
hauling unit having a capacity of less than two dipper 
loads should never be considered. For ease in coordi- 
nating the operation of the hauling equipment so as to 
maintain fast shovel operation, the individual hauling 
units should carry three or more dipper loads. In 
general, the larger the capacity of the hauling units the 
more easily their operation can be properly supervised 
and coordinated, provided, of course, that they are 
otherwise adapte “dl to the job. 

The conditions under which the hauling equip- 
ment must operate are usually severe and frequently 
extremely difficult. Hauling equipment should be 
extremely strong and rugged and fully able to stand up 
under the most trying conditions. On the average 
grading job replacement of hauling units can seldom be 
made without incurring some delay to the shovel. 
Reliability is therefore a valuable asset. 


BACKING OF TRUCKS TO DUMP OFTEN DESIRABLE 


The hauling units must be provided with an abun- 
dance of power and with traction or road grip such as 
will permit the full utilization of this power under the 
most trying conditions. Grades as steep as 25 percent 
are not unusual, while slippery, rough, or vielding road 


| surfaces are so common as to be almost the rule. lor 


involved in the operation of the hauling equipment. | 


Extension of the time constant by 2 minutes is as 


ment as an extension in the haul approximately equal 
to the average distance the vehicles traverse per minute 
of driving time. On many grading jobs the unneces- 
sary extension of the time constant is far more than 1 
minute. 

Much of this delay can be eliminated by careful 
supervision of the operation of the hauling equipment, 
by keeping the traveled way in good condition, and 
particularly by giving attention to the conditions at 
the shovel and at the dump. ‘‘ Bottle necks’’, a care- 
less clean-up around the shovel, and restricted work- 


satisfactory operation, the hauling units must have 
capacity to carry at least two full dipper loads, must be 
extremely strong and dependable, and provided with 


ample power and traction to operate on grades and road 
effective in reducing the output of the hauling equip- | 





surfaces much more difficult than those encountered i? 
ordinary transportation. Two or three speeds in 
reverse are also desirable for such vehicles as trucks 
which are frequently backed to the dump. A fast and 
reliable dumping mechanism with a high dumping 
angle is a necessity. 

On short-haul work trucks are often shuttle! o 
backed from the shovel to the dump and then returned 
forward to the shovel. This eliminates two turns 0! 
the vehicle on each trip. Since each turn usually co” 


sumes from 20 to 40 seconds, this practice is acval 
tageous until a distance is reached at which the time 
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lost in driving from the shovel to the dump in reverse 
instead of in forward is equal to the time saved by the 
elimination of the two turns. This is demonstrated as 
follows: Let 


L=the haul at which shuttling the trucks 
ceases to be advantageous. 

S—the speed in feet per minute of loaded trucks 
when driven forward from the shovel to the 
dump. 

s=the speed in feet per minute of loaded trucks 
when backing to the dump. 

AC the turning and maneuvering time in minutes 
saved on each round trip when trucks are 
backed instead of driven forward, or in 


feet 


other words, the difference between the 
time constants for trucks driven in the 
usual manner and when backed from the 
shovel to the dump. 
KSs 
Then L (1) 
S—Ss 


For example, if the average speed of the loaded trucks 
from shovel to dump is 500 feet per minute and their 
backing speed is 300 feet per minute, and the average 
difference between the truck time constants is 1 minute, 

1 >< 500 300 
haul 


then L 500 — 300 420 

within which it is more advantageous to back the trucks 
than to drive them in forward. If the backing speed 
were only 200 feet per minute and the forward speed 


feet, which is the 


TABLE 2 Operating characteristics of heavy trucks having drive on 
all four wheels 
ree 144-yard shovels on same job. All equipment in good condition. Material, 


rth and blasted rock. Grades mostly & 


to 10 percent. For all hauls 
trucks backed to dumy Nun 


ber of round trips timed, 639 Average load 


below 600 


y yardage, 2.9 cubic vard 
Speed 
Le h of hau 
Loaded Return 
Feet per Feet per 
minute minute 
210 20 
220 205 
250 302 
25 310 355 
; 365 400 
4 430 445 
To 510 420 
Average time constant when trucks back to dump: Seconds 
aking on load SS. 6 


Jumping - - 30. 5 


Waits and delays 23. 8 
Total 142. 9 
Working time lost by shovels 
en Pee keh, ed Shovel Shovel | Shovel 
Class of time los: no. 1 no. 2 no. 3 
Minor é losses of shovels: Percent | Percent | Percent 
H hg equipment, insufficient sup ply 4.1 2. 5 5.4 
H £ equipment, operation-- = 5.1 2.3 1.4 
M ng shovel within cut 7.8 7.4 8.1 
Shovel operator. __- 2.4 2.1 1.3 
M anival repairs or trouble with shovel... 2.6 2.0 2.5 
ei gt, SOS ee ee peeubne 3.9 2.9 4.1 
Su thing) grade and loading on sediigtaa Sakon patdiocsia 4.7 7.1 8.6 
Checking grade... canner 0.1 cai ceict oiaeraieates 
M __ "See aS 8.7 7.8 8.2 
“ajor mechanical repairs, shovel and cable_..-.-----.-- 5.7 3.7 3.8 
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still 500 feet per minute, then the maximum haul to 
which the trucks could be backed with advantage would 
be only 333 feet. This illustrates the importance of a 
relatively high backing speed in extending the distance 
to which shuttling may be profitable. Trucks are now 
made with special provisions for driving in reverse 
both as to the ease and comfort of the driver and the 
number of speeds available. The actual backing 
speeds attained in the field with present equipment 
under various road conditions are shown in tables 2, 3, 
$, and 5. 


TABLE 3 Operating characteristics of heavy trucks on various 
le ngths of haul 
lrucks carried average loads of 2.5 cubic yards of pay material when working with a 
ard shovel All equipment in fair to good condition. Material mostly loam and 
sticky and difficult to handle when wet. Loaded trucks backed to dump on 
hauls below 750 feet 
Haul distance Condition of hauling road 
Load I 
} 
l ef 2 Slippery, 10 percent grades 
225 feet ” Mostly fair, light grades 
‘) fee (y l 
$20 feet { i Fair, 5-percent grades 
0 feet 418 Fair, l0-percent grades 
620 feet $07 57 Mostly fair 
S25 feet 60K Fair to good 
1,050 feet 14 Rough, poor 
fee aa 2 Fair to good 
250 fee ” ® } 0 poor 
100 fee ) Some very rough, 10-percent grade 
AVERAGE TIME CONSTANT 
Seconds 
Taking on load 71.9 
Turn (long hauls 20. 9 
Dump load 98.8 
Turn (long hauls 18. 7 
Waits and delays 55. 9 
Total 196. 2 
WORKING TIME LOST BY SHOVEL 
Minor time losses Percent 
Hauling equipment, insufficient supply 14.9 
Hauling equipment, faulty operation 4. 
£ equly b I 
Moving shovel within cut 5; 


Shovel operator 

Mechanical repair and trouble with shovel- 

Sloping 2 

Smoothing grade and loading pit - 3. 
Major mechanical repairs to shovel and cable 3. < 


Hants bo ore 


n~ 


SPEED OF HAULING UNITS VARIES WITH JOB CONDITIONS 


When two or more shovels are used on the same job 
they should, if possible, be so located that hauling units 
can be readily exchanged between them, and every 
effort should be made to schedule the work so that when 
one shovel is on long hauls the other will be on relatively 
short-haul work. The hauling units can then be 
shifted in accordance with the actual requirements at 
the shovels. The total number of hauling units for the 
shovels should be the same as though each operated 


‘independently with one constantly on long hauls and 


the other on short hauls. By this method the working 
time of both the shovels and the hauling units can be 
more fully. Since the equipment and the 
| personnel remain constant, any increase in production 
obtained is practically a clear gain. Jobs have been 
found on which this simple expedient added nearly 10 


_| percent to the average daily production. 
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DRESSING SLOPES BY HAND AND THE SAME SLope Five Days 
LATER AS WASHED By Rain. Too Muvucu REFINEMENT IN- 
CREASES Cost WitHout PropuciING ADVANTAGES. 


TABLE 4.—FEffect of length of haul and road condition on average 


hauling 8 pe ¢ d 


[244-yard trucks in fair to good condition, working with l-yard shovel. Common 
excavation. Hauls below 600 feet all by backing loaded trucks to dump] 


Spe ed 
Length of haul Road condition 


Loaded Return 


Feet per | Feet per 


minute minute 
155 feet 373 423 | Good 
170 feet 310 318 | Fair surface, slippery steep downgrade 
200 feet 497 480 | Good. 
200 feet 250 362 | Very rough 
210 feet 262 370 | Poor road, rough with steep downgrade 
285 feet 427 427 Do 
350 feet 504 580 | Good. 
410 feet 524 530 | Fair 
500 feet 292 600 | Rough and slippery with 3 percent up 
grade 
500 feet 518 700 | Good to fair, nearly level. 
600 feet ; 632 838 | Good. 
800 feet - 990 717 | Good. 
1,000 feet 437 559 | Poor 
1,125 feet 890 1,160 | Good. 
1,150 feet 758 1,045 | Good. 
1,250 feet 695 517 | Fair 
1,400 feet 586 550 | Fair 
Average time to— Seconds 
Load 74 
Dump 29 
Make two turns 51 


The road speeds for any given vehicle are affected by 
many factors, the most important of which are the con- 
dition of the road surface, grades, and lengths of haul. 
Road speeds under different conditions are given in 


TABLE 5. Ave rage speed of heavy trucks on short hauls 

5-ton trucks loaded with 3cubie yards of blasted rock and earth operating on about 5 
percent grades by backing to dump and returning in forward rrucks in good 
mechanical condition and hauling road well and systematically maintained. Truck 
working with a 144-yard shovel] 


Length of haul 


0 to 50 feet 232 
50 to 100 feet 250 
100 to 200 feet 274 
200 to 300 feet 336 
300 to 400 feet 384 
100 to 500 feet 135 
500 to 600 feet $55 


tables 3, 4, 6,7, 8,9, 10,11, 12, and 13. For different 
vehicles, the type, condition, and size are the most 
important of the factors which affect speed. The 
extent to which these factors frequently affect the 
hauling speed is indicated in tables 2, 4,6, 10,12, and 14, 

Most of the hauling on grading work is done at an 
average speed of less than 500 feet per minute for trucks, 
about 300 feet per minute for large tractor-drawn 
wagons, and about 240 feet per minute for ordinary 
horse-drawn dump wagons. Average round-trip speeds 
as high as 900 feet per minute for trucks, 400 feet pe 
minute for tractor-drawn wagons, and 250 feet pei 
minute for horse-drawn wagons are rarely attained, 
except for short periods and under exceptionally favor- 
able conditions.' Tables 3, 7, 10, 12, and 14 show 
tvpical average speeds regularly maintained on a num- 
ber of jobs using various kinds of vehicles 


LARGE CAPACITY HAULING UNITS OFTEN USED 


In a summary of studies of power-shovel operation in 
highway grading compiled in 1927,* it was found that the 
prevailing size of the shovels then in use had a dipper 
of three-quarters yard capacity. Teams and bottom- 
dump wagons were by far the most common type of 
hauling equipment. Trucks were used to some extent, 
the solid-tire type predominating. Tractor-drawn 
wagons of 4 or 5 cubic yards capacity were found on 
comparatively few jobs. At the present time (1933 
the 1-cubie-yard shovel is found on a majority of jobs 
end the 1‘s-yard shovel is observed as frequently as the 
three-quarter-yard shovel. The team and wagon had 
practically disappeared while the large truck equipped 
entirely with pneumatic tires had become the most 
common type of hauling equipment, followed by the 
large tractor-drawn wagon, now usually of 6 or 8 cubic 
vards capacity and generally provided with crawle! 
treads. 

In highway grading the hauls for most of the material 
are usually comparatively short so that road speed 1s 
not a prime factor in obtaining production from the 
hauling units. High speeds are generally impossible 
because of road conditions. Load-carrying ability 
ease of operation, and dependability are more important! 
factors. Recent developments in specialized hawling 
units have aimed at combining, in a rather low-speed 
vehicle, large capacity, rapid unloading, easy turning 
ability, and high mechanical dependability. A nuimbe! 
of manufacturers have developed special hauling units 


| designed particularly for operation with the powé! 


shovels, elevating graders, and draglines. 





1 For additional data on hauling with teams and wagons, see PUBLIC ios» 
March 1928. a 
2 Power Shovel Operation in Highway Grading, PUBLIC RoapDs, Februar ial 


and April 1928. 
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TABLE 6 Operation characteristics of 7- and 8-yard tractor-drawn 


wagons 





hree 1}4-yard shovels on same job. All equipment in good condition. Material, 
largely sandy earth, some frozen. Heavy trucks used for some very long-haul 
work. Heaviest grades about & percent. Wagons carried an average of 7 cubic 
yards of pay material per load, trucks carried 4.4 cubie yards] 
Speed 
> rt} 
Hauling u (rrade Length 
of haul Retur: 
Loaded Return sistas : 
Feet per Feet per 
Percent Feet minute minute Feet 
lractor-draw! s OS 270 230) 50 
D Ae H25 273 238 500 
0 . 600 327 17 630 
Do fi Too 0 , 26 4) 
ly l S40) S44 348 sv) 
Do : 1, 025 iO) 193 ] 010 
1,040 tS is 1, O70 
Heavy truck 2 6, 400 414 i1¢ 6. 406 
Do +4 6, S00 1 27 1. 668 6. SOK 
rIME CONSTANT 
I b W 
King on ‘ 1 214 
rning att ( 2 
lumping loa i 40.4 20) 
ing ats ‘ 1 1.4 2 
and ce 41.0 s 
lo 64 
RAKING TIME LOST BY SHOVELS 
, Hat H 
‘ Perce ] 
perme fficie pp . 
ly t per nm 
F 0 | 
ré e with shovel pe 
ec il ‘ l ible 2. ( 2.9 
There are two types of units in general use—those 


drawn by tractors and those provided with their own 
power units Crawler treads are generally used on the 
tractor-drawh wagons and are also found on the other 
e. The capacity of these units usually varies from 
3 to 10 or even 12 cubic yards. The sizes generally 
ised with power shovels range from 5 to 8 cubic yards. 
The operation characteristics of tractor-drawn wagons 
are shown In tables 6,7, 9, and 14. 

Vhere the grades are easy and the hauling conditions 
erwise favorable, two of these wagons are sometimes 
drawn by one large crawler-tractor. 


+. 


Two wagons are 
scifom drawn by one tractor where the grades are 


stecp, because of the difficulty of control on the descent. 
On good or fair roadways and light grades two wagons 


can be drawn at practically the same speed as one; but 
it is general practice to shift to one wagon when travel 


becomes dfficult. (See table 4.) 
ie¢ Observations made are not a conclusive proof 


that under favorable conditions a tractor can haul two 
Wacons as fast as one since the conditions under which 
the 1- and 2-wagon operations were studied were not 


Strictly similar. On elevating-grader work on which 
Oth 1- and 2-wagon trains were used there was noted a 
tendency to use two wagons until the hauling road 
became so bad that 2-wagon trains could not be handled 
or the haul became so short that a single wagon was 
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TABLE 7 Operating characteristics of heavy trucks and tractor- 
lrawn wagons 
144-yard shovel All equipment in good condition. Material, 
rth and blasted limestone Rate f production, 85 and 110 cubic yards per 
rking hour for the tw hove Grades light. Average load, 4 cubic yards for 
ruckKs and 8 
Hea tru rractor-drawn wagons 
Speed 
l Le h of haul 
I Loaded Return 
f Feet per Feet per 
minute minute 
‘ 20) feet 235 200 
100) fee 200 feet 279 220) 
¢ 70 feet 410 320 
| N ANT 
Heavy lractor- 
; at drawn 
rucks 
wagons 
, i 22 239 
16 
ls 4 
Fe ne 
\ 127 237 
I 2s ] 
W ST BY SHOVEL 
Perce Percent 
T t t 
Hau eq t | } 0 
Ha I 8 | t i) t 
M shovel w ,8 
Sh ¢ pera 0 ee 
Vlechar al re s 2.¢ 
{ ear I Tt r } t 
M r neé 6 t 
Ni r t il I 4 
TABLE & Time ge ypund-trip speeds of trucks 
] } i ; 
} j d shovel 
H r its with bulldozers equipped with 
S-f O exce ter truck was used to sprinkle the 
ec { \\ rers filled holes, ruts, et« Grades 
! it erce 
7 Smaller trucks, 4 cubic 
yards pay load 
" 
hauls, Short hauls, Long hauls, 
2 S no turns 2 turns 
S S Seconds Seconds 
Load s 138 120 120 
Dump $ 4 38 38 
rurn 8 113 
Average net time constant 253 158 271 
AVERAGE ROUND-TRIP SPEEDS, FEET PER MINUTE 


Large trucks 


Downgrade on hauls over 1,250 feet 1,050 
Downgrade on hauls between 400 and 800 

feet, no turns 262 
Upgrade on hauls over 1,500 feet 714 

Smaller trucks: 

Downgrade on hauls over 1,250 feet 810 
Downgrade on hauls between 400 and 800 

feet, noturns 301 


more than sufficient. The 1-wagon trains were oper- 
ated only when the road was poor or when there was no 
need for speed. 








170 


TABLE 9.— Variations in hauling speed with length of haul 

[7-yard crawler-tread wagons with heavy crawler tractors working with 1}4-yard 
power shovel. Road good, with easy return grades Average load of pay material, 
6.75 cubie yards] 


Speed 
Length of haul 


Loaded Return 


Feet per Feet per 

minute minute 
130 feet - - 270 269 
350 feet - - , 288 279 
500 feet 333 314 
1,000 feet 354 338 


NET TIME CONSTANT 
Seconds 
Load__ 205 
Two turns 30 
Unload 13 
Total 248 


TABLE 10.—Variation of hauling speed with steepness of grade, 


length of haul, and condition of road surface 


[Heavy trucks carrying 4.0 and 5.7 cubic vards pay material per load, working with 
144-yard power shovel. Trucks in good condition] 


Speed 
Length of haul Grade es Condition of road 
Loaded Return 
Feet per | Feet per Cubic 
Percent minute minute yards 
150 feet __. 6 380 178 5.7 | Rough 
150 feet —6 220 247 | 4.0 Do 
200 feet _- —6 174 315 5.7 | Rough and slippery 
350 feet___- . —9 220 360 4.0 Rough to fair 
1,250 feet _ _- ton —5 660 662 4.0 | Fair. 
1,400 feet —5 680 780 4.0 | Good. 
1,500 feet _- +5 393 720 5.7 | Fair 
1,550 feet - +4 405 950 5.7 Do. 
1,600 feet +4 453 1, 090 5.7 | Good 
1,800 feet +5 433 1, 190 7 | Fair 
2,000 feet P +5 410 1, 200 7 Do. 
2,700 feet —5 1, 285 847 7 | Good. 
2,700 feet - _- —5 1, 280 708 4.0 Do 
4,000 feet. _- inl —5 970 830 4.0) Fair 
4,000 feet ____- —5 950 900 5.7 | Good 


TaBLE 11. 


Average speeds on steep grades 


[5-ton trucks backing to dump and returning in forward on hauls of 300 feet with an 
average of 15-percent grade, one section about 50 feet long was over 22 percent 
Trucks in good condition. Road fairly smooth and hard. 1-yard shovel. 


Studies 
extended over 3 days] 


Backing 
downgrade 


Returning 
upgrade 


Day of study 


Feet per Feet per 

minute minute 
First 7 397 
Second 284 342 
Third 333 427 


AVERAGE TIME CONSTANT 
Seconds 


Taking on load 


138. 7 

Dumping load__- 34. 0 
Maneuvering on dump 19. 0 
Total. 191.7 


[Average grade 12 percent, but one section of 100 feet of 25 percent grade, haul about 
350 feet] 


Day of study Backing Returning 
. . downgrade| upgrade 
Feet per Feet per 
_ minute minute 
pat... 229 370 
Second - - - 186 3 
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TABLE 12.—Effect of road condition and length of haul on hauling 
speed of 1'5-ton trucks working with power shovel 


[Trucks in fair to good condition. Mostly easy downgrades} 


speed 
Length of haul Condition ad 
Loaded Return 
Feet p Feet pe 
unutl it te 
150 feet 450 617 | Somewhat rough 
170 feet. 344 $44 Very poor 
275 feet i 528 | Rough 
300 feet i 617 Do 
320 feet 175 502 | Rough and muddy 
325 feet 528 175 Rough 
360 feet t S00 | Mostly fair, some rougt 
600 feet sol SIS | Fair, easy downgrade 
720 feet TAO 660 Fair, with steep downgrade 
1,050 feet 1, 190 1,135 | Fair to good, some downgrade 


TABLE 13 O pe rating characteristics of heavy trucks working uit! 


l-yard shovel inde adve rse¢ conditions 
[Mechanical equipment in fair condition. Road fair to poor and very poor. Truck 
backed to dum} Average load of pay material, 2 ut ard 
Road condition Fair Poor YY | Fair 
poor 
Length of haul feet 20 $24 q 
Loaded speed feet per minute 4 4) 250 42 
Return speed do $30 ; 0) 4H 
Time constants for various ope ditions 
lakir n load seconds 79 % 71 64 
rurning lo 12 t 
Dumping load do ; Om 
rurning de ‘ 20 17 
Waits and delay lo ; %”) 
I time ¢ sta | 1 2 ISO O28 
AVERAGE PERCENTAGE OF WORKING TIME LOST 
Minor time losses of shovel Perce 
Hauling equipment, insufficient supply 2.9 
Hauling equipment, faulty operation 2 3 
Moving shovel within cut a; ¢ 
Shovel operator } 
Mechanical repairs and trouble with shovel 
Checking grade 
Miscellaneous 3 
Major mechanical repairs, shovel and cable 13. 2 


MAINTENANCE OF HAULING ROAD IMPROVES EFFICIENCY 


OPERATION 

It is not difficult to show that the condition of the 
road surface has considerable influence on the station- 
vard cost of hauling, but it 1s difficult to obtain data us 
to the reduction in hauling costs which can be obtained 
by better maintenance of the read surface. System- 
atic maintenance of the hauling road is not a common 
practice among grading contractors. Only a few se¢ 
to have discovered that it pays to maintain a smooth 
surface on the hauling road and assign men and equip- 
ment specifically to road maintenance. <A blade grader 
is most frequently used but in some cases the bulldoze! 
is used whenever it is not busy onthedump. System- 
atic maintenance of the hauling roads frequent) 
results in a sufficient increase in operating speed to per- 
mit the use of fewer hauling units, more regular opera- 


OF 


tion of the shovel due to the elimination of hauling 
delays, and greatly reduces the wear and tear on the 
hauling vehicles. 

Tables 5, 8, 13, and 15 are based on time studies on a 


number of jobs and show variations in road speeds which 
may be expected with changes in road conditi! 


Ss 


These data indicate results which may be expected from 
adequate maintenance of the hauling road. The ad- 


vantages of road maintenance are: (1) Faster speed, 


| permitting more loads to be hauled in a given time 
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[Two 1'4-yard shovels, working in common excavation 


TABLE 14.—Operating characteristics of 7-yard tractor-drawn 2) larger loads; (3) greater regularity in operation, 
wagons thus reducing delays at the shovel; and (4) less wear 
All equipment in good | and tear on the hauling equipment. 
pane cy pone a Gate a ee eee een ne ae Figure 1 shows graphically the average hauling 
speeds attained before and after a road was smoothed 
Speed and shaped with a blade grader. The grade which 
averaged about 4 percent was quite rough before the 
blading and the average speed over it was only 630 
feet per minute for loaded vehicles and 658 feet per 


Length of haul 


Loaded Return 


Feet per Feetper__| minute for unloaded vehicles in returning up the grade. 
ninute minute . . 7 
270) feet 285 983 | As a result of work with a blade grader the speed of the 
25 feet 02 208 


400 feet 


M 


AY 


9 10 loaded vehicles was increased to 1,050 feet per minute 

and the speed of the unloaded vehicles was increased to 

. — 965 feet per minute. The improvement of the earth 
AVERAGE TIME CONSTANT ag ee? ; 

road resulted in an increase of 66.7 percent in the speed 

of the loaded vehicles and an increase of 47 percent in 

rurning, at dump and shovel the return speed ot the empty vehicles up the crade. 

po lelay 29 While this is only one example and involved only h 2aVvV 


trucks carrying 314 cubic yards of material, it is believed 


Taking on load 195 


Total ; : 269 that conditions were typical of those to be found on 
Chae many projects. Sprinkling the roadway in very dry 
WORKING TIME LOST BY SHOVELS eee ere . . . 
weather has sometimes been found advantageous 
Aside from rough or soft yielding road surfaces, the 
ei Shovel shovel . » ‘ : ‘ . 
ee eee re no. | no, 2 chief deterrent to speed is steep erades. Sometimes all 


of these conditions are combined to form exceptionally 


inor time losses of shovel Percent Percent bad hauling conditions The effect of ascending crades 
Hauling equipment, insufficient supply 1.3 14.8 | otis : aie : ~ eae a fa Sa at 
Hauling equipment, improper operation 1.2 2. ¢ Is to gradually de CTC ASE I he hauling spec d at arate some- 
asad within cut 10. 0 -4/ what faster than the increase in grade, as successive 
shovel operator 2.0 pe gi 
Mechanical repair and trouble with shovel... 1. i.7| points are reached at which shifts must be made to 
Scie © > arada ane ding pit _ -> | lower crear ratios, until finally a point is reached at 
moothing grade and loading pi “4 . ‘ . mn 
Checking grade - 3 which the vehicle can no longer haul the load. The 
Miscellaneou ‘ 7 5 


sjor mechanical repairs to shovel and cable 


12 .2 only recourse then is to reduce the load. In highway 
grading work, however, the steepest grades are almost 


*/ invariably descending grades for the loaded vehicle. 
vagon trains, this was reduced to 259 feet per second on changing to 2-wagon trains ° 


Xt 
\ 


\f 


M 


e loading time was increased from 195 seconds to 405 seconds 


The limiting grade is therefore usually fixed by the 
i a climbing ability of the unloaded vehicle while both the 
FABLE 15.—Operating speed of heavy trucks on steep grades size of the load and the speed of the loaded vehicle on 
the descent are largely fixed by safety considerations 
rather than the hauling ability of the vehicle. The 
extent to which grades reduce actual hauling speed is 
Grade Length of | Toaded | Return indicated in tables 4, 6, 10, 15, 16, and 17. Figures 1 
aid and 2 illustrate the way in which the rate of speed 

varies on a crade 


rucks operating with 1}4-vard shovel and carrying average load of 3.5 cubic yards 
f pay material All equipment in good condition. Hauling road which had one 
r more sharp curves maintained fairly smooth] 


Feet per Feet per 


’ Feet minute minute Soft or yielding road surfaces have much the same 

Ss 25 percent a ~ ») effect in reducing the speed and load-carrying capacity 

=o 50 peroent = “4 3 of the hauling vehicles as a grade. As the road surface 
6 percent 700 550 565 


rIME CONSTANT C 
Seconds i = 


Taking on load 


89 <s 
lurning ee 34 = Sora 8. ~ 
Dumping load . : . 29 I pa 
Turning a 3 . 30 7 
Waits and delays Se . 84 r 
Total gan ' 266 : ED a 
WORKING TIME LOST BY SHOVEL 
Minor time losses of shovel: Percent 
Hauling equipment, insufficient supply 1.3 
Hauling equipment, faulty operation —___-_- 5.3 
Moving shovel within cut ‘ 2. 4 
Shovel operator a eee .4 
Mechanical repairs and trouble with shovel 1.8 
Sloping oe Reece Donny ne a FIGURE 1.—SprEEps AT WHICH 5-TON Souip-TrrED Trucks IN 
Smoothing grade and loading pit_____-_-_~_- ~ Goop CoNnDITION OPERATED BEFORE AND AFTER MAINTE- 
Miscellaneous Senate RN 051 eee Zo NANCE WitH A BLADE GRADER. CURVES SHOW SPEEDS AT 
Major mechanical repairs, shovel and cable.___-_  . 2 Various Points ALONG 2- TO 4-PERCENT GRADE. 
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- 
TaBLeE 16.—Speed of truck operation on long, moderate grades 


[Hauling excavation from 1}4-yard shovel, 5-ton trucks, good condition Pay load, 


3.8 cubic yards. Long 6-percent grade, generally fair condition] 

Length of haul Loaded Return 

Feet per Feet per 

minute minute 
800 feet 800 643 
1,000 feet S70 S28 
1,100 feet 335 387 
1,100 feet 1, 055 970 


1,300 feet * 


S28 1, 100 
2,000 feet 2... 1, 020 950 
1 Effect of narrow road which prevented easy passing of loaded iempty truck 

? Road somewhat slippery, requiring caution on downgrade 
3 Part of road somewhat spongy. 
AVERAGE TIME CONSTANT 
Seconds 
Load 110 
Turn and back at dump 53 
Dump load 11 
Turn and spot at shovel 3 
Waits and delays 10 
Total 245 


TABLE 17. Effe ct of rougl oad su face on wncrea 


se an speed with 
inc ease in distar ce 


{ Trucks hauling 2 cubic-yard loads of blasted rock down rough 5 percent grade 
Trucks in fair to good condition; road surface very rough entire distance 


Length of hau 


I t Retur 

Feet pe Feet pe 

minute nute 
320 feet 370 317 
600 feet 370 387 
1,000 feet 140 395 
1,100 feet 457 307 
1,250 feet 440 405 


gives or depresses under the wheels of the moving 
vehicle there is the equivalent of an obstruction in 
front of the wheels which is effective in reducing speed. 
In very soft ground loads must be drastically reduced 
or hauling discontinued until the road becomes more 
stable. Hauling speeds are sometimes seriously re- 
duced by the slipperiness of the road surface. Some 
gumbo and clay soils become extremely slippery and 
difficult to travel over when wet only on the surface. 


DETERMINATION OF REQUIRED NUMBER OF HAULING UNITS NOT 
A DIFFICULT PROBLEM 


Attention has been called to the practical difficulties 
in keeping the shovel supplied with hauling units. 
Some of these difficulties are inherent in the nature of 
the work. Others can be ascribed to the contractors. 
On some jobs, however, the extent and frequency of | 
variations in length of haul are largely due to failure of 
the designing engineer to appreciate the extent to | 
which such fluctuations affect the cost of performing 
the work. The hauls on a job for which the average 
haul is 500 feet may be so distributed that hauling 
equipment sufficient to haul all of the material 1,000 | 
feet must be provided. Even under favorable condi- 
tions this extra hauling equipment will probably add 
3 or 4 cents per cubic yard to the unit cost of the job | 
without adding any compensating value to the com- 
pleted work. 

It is believed that designers can profitably devote 
more attention to reducing variations in haul distances 
to permit more effective use of hauling equipment. 

The length of haul is usually short—seldom more 
than 600 or 800 feet as the average haul for most of | 
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FiGURE 2.—SpEED OF 5-TON SOLID-TIRED TRUCKS HAULING 
Over Oup Biruminous MacapaM  SURFAC! SHOVEL 
Locatep Apout 100 Freer From HIGHway. 


the vardage. The difficulty is that the average haul is 
quite different from the actual hauls the contractor 
must make to place the materials in conformity with 
the requirements. The haul distance may readily vary 
from practically zero to 2,000 or 3,000 feet and in 
extreme cases to 4,000 or 5,000 feet for a relatively 
small part of the material. 

These varying lengths of haul, in which the rate of 
variation is seldom uniform, cause difficulties in main- 
taining a correct number of hauling units not found in 
other lines of transportation. As the length of haul 
changes, the number of hauling units should be increased 
or decreased if perfect balance is to be maintained. In 
practice, this is usually impossible. The changes in 
haul lengths are too frequent to make this practical, 
and the number of hauling units maintained on the 
job is usually almost constant from day to day and 
frequently for the whole job. This requires the selec- 
tion of such number of vehicles that when the hauls 
are long the supply will be insufficient and the shovel 
will lose time waiting for vehicles, while on short hauls 
the supply will be too large and the hauling vehicles 
will lose time waiting for the shovel. When tlus 
arrangement is necessary, the. number of vehicles 


‘selected should be such that the job can be completed 


at a minimum cost. How this number can be det I- 


| mined will be shown later. 


Determination of the number of hauling units of 
given size and kind required for a given set of operating 
conditions is not difficult. Values for the necessary 
factors can be determined readily by timing operations 
with a stop watch. Only factors which can readily 
be determined and checked from time to time need be 
used in the following method: Let y 

S=average round-trip speed of hauling unit 10 
feet per minute exclusive of all stops, 
turning, switching, etc. 

T=total time constant in minutes; that is, the 
sum of the average time required cach 
round trip to take on the load, dump 1, 
turn and maneuver both at the dump and 
shovel, and all regular stops and delays: 
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t—time in minutes required to take on load, or 
longest regular stop or delay if this 
exceeds the loading time. 

L=length of haul in feet. 

N=number of vehicles required to just keep 


haul, L. 

A=rental value of hauling vehicle, including 
driver and operating cost, in cents per 
hour of working time. 

W'=average pay load, in cubic yards, carried by 
vehicle. 

(=cost of hauling in cents per cubic-yard 
station. 

K=cost in cents per cubic yard for hauling the 
material a distance L. 

(=number of loads hauled per hour by one 
vehicle. 


Then 
2b ; 
N o 7 (2) 
, 60S " 
¢ LST (5 
: A EL... a 
K «owl Ss" ) (4) 
BASS. TF . 
C=si95* TZ) 9) 


Formula 2 gives the number of vehicles required to 
just keep the shovel in continuous operation when 1t is 
working at the rate indicated by the factor t, which is 
the average time required to load each vehicle. Care 
must be taken, however, that the operation of the 
hauling units is such that no regular stop exceeding f¢ is 
permitted; otherwise this stop, and not the loading rate 
of the shovel, becomes the pacemaker. As an example: 
With wagons having an average round-trip speed of 400 
feet per minute, a time constant, 7’, of 5 minutes, and 
which can be loaded by the shovel in 2's minutes, the 


number of hauling units required for a haul of 1,000 
feet is determined by formula 2 as follows: 


m « 


\ 21000 5 2000 ,, 
; 400*2.5 2.5 1000 ~ 


Four wagons will thus be required under these condi- 
tions to maintain full shovel production. An addi- 
tional vehicle must be added or taken off whenever the 


, m . . 
haul changes by the distance ->- in this case 


400X2.5 |. 
“500 feet. 


CONDITIONS REQUIRING ADDITIONAL UNITS ANALYZED 


The addition of another vehicle at the first indica- 
tion of insufficient hauling equipment is not economical. 
This is especially true when vehicles of large capacity 
are used. To examine this question, let 

D= total rental or operating cost to the contractor 
per hour of working time of vehicle to be 
added. 

G= total cost to the contractor per hour of working 
time of his working force and equipment, in- 


cluding dump operations, before vehicle is 
added. 





/1—the number of minutes per hour which shovel 
ean afford to wait for hauling units before 
this waiting becomes more expensive than 
adding another hauling vehicle. 


| Then 
shovel in continuous operation for any | 


60D 
/] (4 D (t)) 





HavuLing UNpER ADVERSE CONDITIONS 


A contractor who is using trucks costing $3 per hour 
of working time notices that because of the increasing 
haul distance his shovel is spending time waiting for 
hauling units. The operating cost of the equipment 
and force he now has, including shovel, hauling and 
dump operations, amounts to $20 per working hour 
How much time can he afford to let the shovel lose 
before it will be economical to proy ide another vehicle? 
From the above (formula 6), we have // 50 —=7.8 

20+3 
He can therefore afford to lose no more than 7.8 minutes 
an hour before the value of the losses in reduced pro- 
duction will exceed the cost of the additional vehicle 





In Heavy WorkK THE BULLDOZER IS ESSENTIAL TO ORDEL\) 
Dump OPERATION. 


When the shovel is losing 7.8 minutes an hour in waiting 
for trucks, then the addition of another truck at %3 
an hour will neither increase nor decrease the wuil 
cost of handling the material at this haul. The exira 
truck should be added whenever this length of hau! is 
exceeded. By permitting the shovel to work con! in- 
uously, the added truck will permit handling all the 
material with hauls longer than this at less cost t/a 
would be possible without the added truck. 
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The only factor to be watched in order to know 
when it becomes economical to add another hauling 
unit is the time lost by the shovel in waiting for ve- 
hicles. Consequently, no contractor should be without 
a stop watch, or fail to make regular use of it. Hf, 
however, a determination of the time lost by the shovel 
while waiting for hauling units is impractical, the 
length of haul at which another hauling unit should be 
vdded can be determined from the following formula in 
which all the terms have the same significance as 
previously given. 

T, ND 
< €" = ) 
Here, L’ ts the length of haul at 
economical to add another vehicle 

Large-capacity hauling units are frequently used 
with the power shovel, and the efficiency with which 
they can be operated is important. Under ordinary 
field conditions, the vehicles cannot maintain perfect 
operation. Drivers become careless or inattentive and 
the vehicles require attention from time to time. 

Aside from vehicle delays which arise from having 
too many vehicles, there will be delays imposed by the 
shovel and delays due to the trucks themselves or their 
operators. On a poorly managed job the total of these 
delays may be very large, and even on well-managed 
jobs they may consume from one-third to one-half of 
the total available working time of the trucks. 

Table 1S gives the time losses on a fairly well- 
inanaged job for two kinds of trucks operating with 
different shovels. All the trucks were in good to fair 
condition. The 3':-ton trucks operating with the first 
hovel carried an average load of 3 cubic vards of pay 
naterial while the 5-ton trucks operating with the 
econd shovel carried average loads of 4's 
f{ pay material. The average haul was about 1,000 
eet for the first and about 700 feet for the second 
(irades were frequently steep but the road, pit, and 
lump were maintained in better than average condi- 
ion. The studies cover a total of 1,467 

nd 1,202 truck-hours, respectively. 

Table 18 indicates the necessity of taking time losses 

to account In determining the time constant to be 

sed in formula 2 for determining the number of hauling 

‘its required. The ordinary shovel delays are, of 

irse, reflected in the average time required to take 

load. All regularly occuring delays to the hauling 
equipment which cannot be eliminated must be added 
i) the time constant, otherwise the indicated number 
0 vehicles will be insufficient. In determining the 
ck delays to be included in the time constant, care 
uld be taken to exclude all delays resulting from 
having too many vehicles. Regular waits at the 
vel indicate an oversupply, but regular delays at the 
luip are an indication of improper dump operation. 

the trouble cannot be removed these delays at the 
dip must be included in the time constant. 


which it becomes 


cubie yards 


truck-hours 


MES HOD OF DETERMINING REQUIRED NUMBER OF HAULING UNITS 
ILLUSTRATED 

‘he number of hauling units to be maintained with 
the shovel in order to complete the job at the lowest 
possible cost deserves more attention than this problem 
usually receives. The heavy trucks or tractor-drawn 
Wavons generally used are usually considered to cost 
from $2 to $3 per hour, sometimes more. They are too 
expensive to warrant the use of more than are neces- 
sary. On the other hand, a shortage of only one vehicle 
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raBLE 18 


Pe rcenitadge of available 
working wath power? 


shovels in 


and general data on operation 


working time lost by trucks 
well-blasted rock, shale and earth, 


fair « iditior 
Working time lost 
by trucks work 
Govan of dala truck ing with 
Shovel 1 Shovel 2 
1 tops each of 15 or more nute n duratior Percent Percent 
Shovel ca ng 0.3 2 8 
Shovel down, truck 15.1 12.5 
rruck dow idju 13. 2 5.1 
roo many truck 6.7 11.9 
Total r r 3 32 
r stops each le 
Operating de 2.3 2.6 
Wa get er 14.6 ae 
rotal m r cle 64 13.7 
Actual produ ew 47.8 ‘4.0 
eneral data 
Potal available trt 1, 467.0 1, 202 
Average p varda 3.0 { 
Average lengt! t 170 675 
Average round-tri « fee ¢ 20 SOO 
Average ne var 2 3. 1 
Tota 1 23, 444 31, O90 






SHOVSER bey 


* — 
— ee Pas 


\ Smatt Truck Bopy ReE@QuIRES CAREFUL SPOTTING OF THE 
DiprPER AND INCREASES DuMpPING TIME. 


on a moderate haul may readily reduce shovel produc- 
tion by 20 to 30 percent. The number of hauling units 
which the contractor maintains on the job therefore 
bears a very definite relation to the profits which the 
job may be made to yield. 

The number of hauling units required for a particular 
set of operating conditions and length of haul can be 
readily determined by means of formula 2. This, how- 
ever, offers no direct solution of the problem of the 
number of hauling units to be brought on a job where 
conditions permit few, if any, changes to be made during 
the progress of the work. For this, a more detailed 
procedure is necessary. 

To analyze this problem the quantities which must 
be hauled each given distance are first tabulated. 
These quantities and distances can most readily be 
taken from a mass diagram * and are tabulated as 
shown in table 19. The quantities as taken from the 
mass diagram for each haul are summarized and entered 
in the first column of the table, with the corresponding 
haul distance given in the second column. On the 
project analyzed much material was to be hauled less 
than 500 feet, but the shorter hauls were all sum- 


’ For a brief discussion of the mass diagram and a method of taking off the quan- 
tities to be hauled any given distance, see PUBLIC ROADs, March 1928, pp. 18 and 19. 
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marized under this distance since it was clear that any 
possible minimum equipment for this job would be 
more than that required to keep the shovel at full pro- 
duction on a 500-foot haul. To further subdivide this 
short-haul material would only be useless labor. 


TABLE 19..— Determination of most economical number of trucks 


fo use on a given job 


Shovel working a 
full production rime to complete job with 
rate 
tite 
Quantities : Length 
(cubie yards)! “thee 
: of haul 
Hours to 
lote) Number ) 
complete of trucks 2 } 4 ) 
given “* trucks trucks trucks trucks 
aoe required 
yardage 
Feet llours Hlours Hours | Hours 
14,400 SOO 18. 00 + OO 27.00 18. 00 1S. 00 Is. 00 
10,800 600 13. 50 3. 07 20. 75 13. 83 13. 50 13. 50 
7,200 TOO 6.00 3, 24 14. 58 9, 72 9.00 4.00 
10,800 si) 13. 50 3. 42 23.10 15. 40 13. 50 13. 50 
15,760 a00 19. 70 5 44 33. 90 22. 5S 19. 70 14.70 
7,200 1, 100 4.00 3. 76 16. 92 11. 28 4. 00 4 00 
18,400 1, 500 23. 00 +00 1. 00 40. 70 23. 00 23. 00 
12,800 3, 000 16.00 1 67 37. 40 25.00 18. 70 16. 00 
10,600 +, OOO 13. 25 5. 55 36. SO 24. 50 IS. 41 14. 70 
Hours required to com 
plete job 134. 95 256. 45 171.01 142.81 136. 40 
Estimated cost of complete job, dollars 4, 103. 20 (3, 249.19 |3, 141.82 |3, 410. 00 


1 Total, 107,960 cubie yards 


This example is based on a 14-yard shovel operating in common excavation at a 
rate of 80 cubic yards per working hour. Cost of equipment and personnel on shovel, 
dump, and maintaining hauling road estimated at $10 per working hour. Rental 
value of truck and driver, $3 per working hour. For truck operation on the job the 
following values were used: T=5.0 minutes; f=2.5 minutes, while since the grades 
were not bad and a patrol grader was available for maintenance, S was taken as 400 
feet per minute for all hauls to and including 500 feet; 450 feet per minute for the hauls 
above 800 feet to and including 1,100 feet; 600 feet per minute for all hauls of 3,000 feet 
or more 

If trucks could be employed and discharged in conformity with the fluctuations in 
the length of haul, the cost of completing the job could be reduced to about $2,900 





BuLLDOzERS CAN OFrTEN BE USED IN OPENING THE CuT AND 
PREPARING A HavLting Roap AHEAD OF THE SHOVEL. 


In the third column was entered the number of hours 
estimated as required to move the quantities shown in 
the first column with a full supply of hauling equip- 
ment; in other words, the time required for the shovel 
to handle these quantities when working at full pro- 
duction. In estimating the production rate for the 
shovel the contractor should consider his past experi- 
ence and all available evidence in regard to the char- 
acter of the material and the probable conditions under 
which the work will be performed. If different classes 
of material resulting in different production rates are 
involved, such as common excavation, loose rock, and 
solid rock, the known or probable quantities of each 
should be entered in column 1 for each haul distance. 
This will result in a more reliable estimate of the time 
required to complete the work at each haul distance. 

In the fourth column was entered opposite each haul 
distance and corresponding quantity the number of 
hauling units which would probably be necessary to 
maintain the shovel at full production at this haul 
distance. Numbers of trucks are computed with for- 
mula 2, using values for 7’, t, and S based on experience 
and judgment. The indicated number of vehicles will, 
in general, be a mixed number and should be entered 
to at least one decimal place. Two places are used in 
this example. 

There was then entered in the following columns the 
time in hours required to complete each set of quantities 
with the number of trucks indicated. Whenever the 
number of hauling units is equal to or greater than that 
required to maintain the shovel at full production, the 
time required to perform the work will be determined 
by the shovel. When the number of hauling units is 
less than that required to maintain the shovel at full 
production, the time will be determined by the hauling 
equipment. This new or increased time figure will have 
the same ratio to the time required for completion, as 
given in column 3, as the required number of hauling 
units, as given in column 4, has to the number of haul- 
ing units which is actually to be used. The computa- 
tions are simple and can be made quickly on the slide 
rule. The column totals give the number of hours 
that will be required to complete the job, when hauling 
equipment is supplied to the shovel exactly as needed 
(column 3), and when each of the assumed hauling 
supplies is employed continuously with the shovel until 
the job is completed. In this example all hauling units 
have been assumed to be of the same size and speed 
If vehicles of different sizes and speeds are to be used 
the computations are more extended. 

The final step in making this table was to comput 
the operating cost when each of the assumed haulin 
supplies was used for the corresponding period required 
to complete the job. In accordence with general ey- 
perience it was assumed that the hourly rental vali 
of the shovel and the equipment on the dump would 
be practically constant, regardless of the average rate 
of production within the limits of this particular jo!) 
The same assumption was made with regard to the 
personnel employed with the shovel and on the dump. 
The total cost per operating hour of the equipment and 
personnel at the shovel and dump was then estimated 
for the conditions which would most probably exist on 
the proposed job. To this was added the estimated 
hourly or daily rental value of the given number of 


hauling units with their drivers. In computing ta)le 
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19, the estimated operating cost of shovel and dump 
was assumed for purposes of illustration at $10 per hour. 
The hauling equipment was assumed as heavy trucks at 
$3 per hour with driver. The hourly cost of operation 
is therefore $16 when using only 2 trucks and $25 per 
hour when using 5 trucks. 

Completing the indicated multiplications, we find 
that it would cost the contractor $3,141 to complete 
the job with 4 trucks. Any other number of trucks, 
if kept out on the job throughout, would result in a 
higher cost. However, if trucks could have been em- 
ploved and paid for only during such time as they were 
needed to keep the shovel at full capacity, the cost of 
completing the job would have been but slightly more 
than $2,900. The variable haul distances increased the 
cost of the earthwork on this job by at least $240, or 
nearly S percent—an item worth consideration by both 
the contractor and the designing engineer. 

Occasionally the extreme hauls are localized to a 
certain portion of the job. In such cases the project 
should be divided into sections and a solution made for 
each. Having determined the most economical num- 
ber of trucks for each section, the contractor can plan 
to increase or decrease the number of hauling units by 
the determined number when the proper points are 
reached 


STANDARDIZATION OF EQUIPMENT AIDS EFFICIENCY 
The use of a variety of different kinds of equipment 


has a tendency to increase time losses and decrease 
production Equipment is subjected to extremely 


hard usage and mechanical troubles invariably occur 


from time to time. It is much cheaper and less difficult 
to keep an adequate supply of spare parts on hand when 
the equipment is closely standardized than when a 
variety of different kinds and sizes of equipment is 
ised. Standardization of hauling units permits inter- 
change of parts and one line of spare parts will suffice 
for all the hauling equipment. If more than one 
shovel is employed, there is the same advantage in 
having them alike. This will permit not only the carry- 
ing of a smaller investment in repair parts but operators 
can be shifted from one piece of equipment to another 
without impairment of efficiency. Repair men will 


hecome more expert in making repairs as well as in 
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diagnosing trouble and in the routine care of the 
equipment. 

Equipment earns no profit except when working. 
Anything which helps to keep and continue the equip- 
ment in working order is therefore of definite value to 
the contractor. Standardization of equipment so as 
to permit a wide interchangeability of parts usually 
requires no outlay and only a little definite planning 
and forethought, and should be embraced by all con- 
tractors to whatever extent their lines of work will 
permit. 

The most striking fact brought out by these studies 
is that power-shovel grading work is more a problem of 
transportation than of excavation. If the hauling 
equipment is insufficient or is not operated with pre- 
cision, the shovel is handicapped, production is rela- 
tively low, and unit costs are high. On the other hand, 
if too many hauling units are used, unit production 
costs are unnecessarily increased while the problem of 
proper operation of the hauling units still remains. 
Therefore control and operation of the hauling equip- 
ment requires the constant and most painstaking 
attention of the management. 

This attention to the hauling should not be given at 
the expense of an almost equally vigilant attention to 
all other parts of the job. The contractor can never 
afford to forget that the shovel is the key item of 
equipment. It must be constantly maintained in 
proper condition and operated with a high degree of 
skill and judgment. Operations on the dump must 
not be allowed to hamper or interfere with the rapid 
and orderly movement of the hauling units. If the 
ground is too hard to dig readily, drilling and blasting 
must also be carried on with efficiency and dispatch. 

But, even all this is not sufficient. Real efficiency is 
attained only when all operations are performed effi- 
ciently and at the same time so coordinated and syn- 
chronized that all of these several operations proceed 
methodically and without interference as a definite 
part of one single process. To attain such a degree of 
efficiency in power-shovel grading work requires the 
constant attention of managerial ability of the highest 
order. However, the rewards to be gained from such 
management are such that no grading contractor can 
afford to be without it. 
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Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 
) cents. 

Report of the Chief of the Bureau of Public Roads, 
> cents. 

Report of the Chief of the Bureau of Public Roads, 
2 cents. 


Report of the Chief of the Bureau of Public Roads, 
10 cents. 


1924. 
1927. 
1928. 
1929. 
Report of the Chief of the Bureau of Public Roads, 


10 cents. 


Report of the Chief of the Bureau of Public Roads, 
10 cents. 


DEPARTMENT BULLETINS 


1931. 


1932. 


No. 136D . . Highway Bonds. 20 cents. 

No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 

No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 

No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 

No. 660D . . Highway Cost Keeping. 10 cents. 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 
No. 55T . . Highway Bridge Surveys. 


No. 265T . . Electrical Equipment on Movable Bridges. 
35 cents. 


MISCELLANEOUS CIRCULARS 


No. 62MC .. Standards Governing Plans, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 


No. 93MC .. Direct Production Costs of Broken Stone. 


25 cents. 


20 cents. 





MISCELLANEOUS PUBLICATIONS 
No. 76MP .. The results of Physical Tests of Road-Build- 


ing Rock. 25 cents. 


No. . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 
No. 19] . . . Roadside Improvement. 10 cents. 


REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 


System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
























